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Abstract: This study was carried out to determine the most suitable evapotranspiration estimate
method of oil rose (Rosa damascena Mill.) at the Agricultural Research and Application Center at
Silleyman Demirel University in 2010 and 2011. Irrigation was performed every 10 days, and
irrigation water as much as 1.2 times of evaporation measured from the Class A Pan in the ten-day
period was applied. Evapotranspiration was measured for ten-day periods through controlling the
decrease in the soil moisture. The measured evapotranspirations were compared with Penman-
Monteith, Original Penman, FAO-modified Penman, Priestly-Taylor, FAO-modified Radiation, FAO-
modified Blaney-Criddle, SCS Blaney-Criddle, Hargreaves, FAO-modified Pan Evaporation, and Net
Radiation methods out of the evapotranspiration estimation methods. The correlation coefficient (r),
root mean square error (RMSE) and seasonal average crop coefficient (Kc) of the correlation between
the measured evapotranspiration and estimated evapotranspiration values were taken into
consideration in the comparison. As a result of the research, the closest evapotranspiration estimation
for the experimental conditions was made with the Priestly-Taylor method.
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Yag Giiliiniin (Rosa damascena Mill.) Bitki Su Tiiketimi Tahmininde
Kullanilabilecek Amprik Modeller

Ozet: Bu ¢alisma yag giiliiniin (Rosa damascena Mill.) bitki su tiikketimi tahmininde kullanilabilecek
en uygun tahmin esitligini belirlemek amaciyla Siileyman Demirel Universitesi Tarimsal arastirma ve
uygulama merkezinde 2010 ve 2011 yillarinda yiiriitiilmiistiir. A sinifi buharlagsma kabindan 10’ar
giinliik periyotta gerceklesen buharlagma toplaminin 1.2 kati kadar sulama suyu uygulanmistir. Bitki
su tiiketimi 10’ar giinliik periyotlarda toprak nemi izlenerek belirlenmistir. Olgiilen bitki su tiiketimi,
bitki su tiiketimi tahmin yontemlerinden Penman-Monteith, orjinal Penman, modifiye FAO-Penman,
Priestly-Taylor, modifiye FAO-Radiation, FAO-modified Blaney-Criddle, SCS Blaney-Criddle,
Hargreaves, modifiye FAO-Pan Evaporation, ve net radyasyon yontemleri ile karsilastirilmigtir.
Olgiilen bitki su tiiketimi ile bitki su tiiketimi tahmin ydntemleri arasindaki iliskinin karsilastirmada
korelasyon katsayisi (r), hata kareler ortalamasi, (RMSE), sezonluk ortalama bitki katsayisi (Kc) goz
oniine alinmustir. Arastirma sonucunda deneme kosullarinda Rosa damascena Mill. Ii¢in en uygun
bitki su tiikketimi tahmin esitliginin Priestly Taylor yontemi oldugu belirlenmistir.

Anahtar kelimeler: Bitki katsayisi, bitki su tikketimi, Priestly Taylor, Rosa damascena Mill.
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Introduction

As a cut flower, an outdoor plant, and a
pot plant, rose is essential in the sector of
ornamental plants; furthermore, it s
important in the food, perfumery, and
cosmetic industries as a medicinal and an
aromatic plant (Guterman et al.,, 2002;
Jabbarzadeh and  Khosh-Khui, 2005;
Senapati and Rout, 2008). Genus Rosa is
comprised of more than 200 species;
however, only a few of these species have
been used as essential oil crops (Kovacheva
et al.,, 2010). Rosa damascena Mill., Rosa
gallica L., Rosa moshata Herrm and Rosa
centifolia L. are the most crucial essential oil
crops (Tucker and Maciarello, 1988). Rosa
damascena Mill. plantations are commonly
on sloping areas which are distant from
water resources in Turkey, which is an
obstacle to irrigating earlier oil rose farms.
In recent years, most Rosa damascena Mill.
plantations have been established over
irrigable lands and the plantations concerned
have been irrigated (Anonymous, 2008).

Water availability is generally the most
important natural limiting factor flourishing
and development of agriculture in an arid
and semi-arid region (Kadayifc1i et al.,
2004). Meeting food and other needs of the
increasing population is possible through
obtaining a higher yield from the available
agricultural lands. To achieve this, water use
efficiency should be increased especially in
arid and semi-arid regions besides the use of
appropriate agricultural techniques.
Optimization of water use efficiency and
preservation of adequate levels of crop
productivity and quality will entail elaborate
irrigation water management under such
conditions. Estimation of actual
evapotranspiration (ET) constitutes a key
factor to attain those targets. Determining
the ET accurately can act as a viable tool to
benefit from water resources better by
means  of  well-designed irrigation
management programs. In addition, reliable
estimates of ET are of extreme importance
to form criteria for in-season irrigation
management, water resource allocation,
long-term estimates of water supply,
demand and use, design and management of
water resources infrastructure, and

assessment of the impact of land use and
management changes on the water balance
(Ortega-Farias et al.,, 2009). Reference
evapotranspiration (ETo) refers to the ET
from a hypothetical reference surface;
moreover, it was introduced to represent the
evaporative demand of the atmosphere
independent of management practices, crop
type, and development. Knowing the
spatiotemporal distribution of ETo allows
calculating the required amount of crop
water by making use of the established crop
coefficients (Kc) (Marti and Zarzo, 2012).
The Kc is basically the ratio of ET to ETo,
where ET can be measured by using a
lysimeter, a soil water balance approach, the
eddy covariance method, Bowen ratio
energy balance system, or the surface
renewal method (Ortega-Farias et al., 2009).

Now due to that such method of
lysimeter, soil water budget, eddy
covariance, and Bowen ratio energy balance
system employing to determine
evapotranspiration values are expensive and
time-consuming, the methods of estimating
from the climatic data are used in practice.
Unless locally calibrated, the methods of
estimating evapotranspiration generally do
not yield any sound results in the regions
with climatic conditions that are different
from those of the region in which they were
developed (Christiansen, 1968; Jensen et al.,
1990). Furthermore, the method to be
utilized may also be different when the plant
genus is changed in the same region. On the
other hand, in case no research result is
available, the estimated values obtained as a
result of the calculations performed by using
the empirical equations developed by
utilizing meteorological parameters are used.
The equation used in estimation must be
parallel with, or the closest to, actual water
consumption. There are numerous empirical
equations  developed  for  estimation
nowadays. Some of the equations concerned
are quite simple and the meteorological data
they require comprise easily measurable or
obtainable parameters, whereas some of
them require very detailed data sets (Tas and
Kirnak, 2011).
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This study was, therefore, carried out to
determine the optimum crop
evapotranspiration estimation method(s) of
Rosa damascena Mill. for a fixed irrigation
interval of 10 days under Isparta conditions
of Turkey.

Material and Methods

This research was conducted on the Rosa
damascena Mill. plantation located at the
Agricultural Research and Application
Center at Siileyman Demirel University. The
experimental area is situated between
latitude 37.83° and longitude 30.53°, and it
is 1,020 m above sea level on average.
According to the perennial long-term data,
study area is characterized as mean
temperature of 11.97°C; average relative
humidity of 61%; average wind speed of
1.97 m/h; annual average sunshine duration
of 7.4 h, and annual total precipitation of
505.7 mm (Anonymous, 2010). The ten-day
average values of some climatic parameters
were measured at the meteorological station
(DAVIS, Model “Vantage Pro-2”, Davis
Devices, USA) located in the experimental
area for research periods of May-September
and they are presented in Table 1. These
data were used in the calculations of ETo
according to the reference
evapotranspiration equations. The soils in
the experimental site have been classified as
Calcaric  fulivisol ~according to the
FAO/UNESCO  classification  system.
Accordingly, the soils in the study area are
moderately and slightly textured, deep, and
salt-free soils (Akgiil and Basayigit, 2005).
Some physical properties of the soils in the
experimental area are presented in Table 2.
In order to determine optimal empirical
model, the average of the evapotranspiration
values measured in the Kz treatment
(Tubitak-Tovag: 1090369), which the
highest yield was obtained in both years,
was used.

In the experiment, each experimental plot
had an area of 10 m? with dimensions of
1x10 m and a 2-m space between the plots.
Drip irrigation system was used in irrigation.
The diameter of the lateral tube is 16 mm,
and each plant row was irrigated by two
lateral tubes (Keller and Bliesner, 1990).

Irrigation was applied once every 10 days,
and irrigation water as much as 1.2 times the
amount of evaporation measured from the
Class A Pan evaporation in the ten-day
period was applied. The irrigation water
amount was calculated by Equation 1.

I = AxKepxEpxP (1)

Where;

| is irrigation water (I); A is plot area
(m?); kep is crop-pan coefficient (1.2); E, is
cumulative evaporation amount at the
irrigation interval (mm); and P is percentage
of wetted area (%).

In the experiment, soil moisture was
measured up to 0-120 cm by means of
Profile-Probel (DELTA-T, Model Profile
Probel, England), whereas the soil moisture
at the layer of 120-150 cm was determined
with the gravimetric method.
Evapotranspiration was computed for 10-
day periods by using Equation 2 (Allen et
al., 1998);

ET= I+P-RO-DP+CR +ASF£ASW (2)

Where;

ET is evapotranspiration (mm); 1 is
irrigation water applied (mm); P s
precipitation (mm); RO is surface runoff
(mm); DP is deep percolation (mm); CR is
capillary rise (mm); ASF is subsurface
runoff (mm); and ASW is change in soil
moisture content in root zone (mm).

The crop coefficient (Kc) was calculated
using following Equation 3 as suggested by
Allen et al., (1998).

Kc=ETc/ETo 3
Where;
Kc is crop coefficient; ETc s

evapotranspiration measured (mm); and ETo
is reference evapotranspiration (mm).
Penman-Monteith (PM), Original
Penman (PEN), FAO-modified Penman
(FAOP), Priestly-Taylor (PT), FAO-
modified Radiation (FAOR), FAO-modified
Blaney-Criddle (FAOB), SCS Blaney-
Criddle (SCSB), Hargreaves (HARG), FAO-
modified Pan Evaporation (Epan) and Net
Radiation (NETR) methods were considered
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Table 1. Some climatic data about the experimental area in 2010 and 2011
Tablo 1. Deneme alanmina ait 2010 ve 2011 yillarina iliskin bazi iklim verileri

Months/Aylar
Climatic Parameters May/Mays June/Haziran July/Temmuz August/Agustos  September/Eyliil
Iklim Parametreleri 1* 5 3 1 5 3 1 5 3 1 5 3 1 ) 3
2010
Maximum temperature (°C) 24 241 232 233 291 244 304 318 325 353 362 327 28.2 296 27.3
En yiiksek sicaklik
Minimum temperature (*C) 8 107 95 118 14 115 159 172 173 19 184 16 135 11 121
En diisiik sicakiik
Average temperature (°C) 17 18 163 175 22 18 235 249 258 27.9 282 252 213 20.3 20.3
Ortalama sicaklik
;ﬁi‘ge (mb) 900 901 902 900 900 898 900 899 898 899 901 899 901 902 903
1 idi 0,
Relative humidity (%) 52 48 65 71 54 62 56 47 46 44 36 35 50 52 54
Bagil nem
Average wind speed (m/) 18 25 17 24 17 19 18 17 2 21 15 19 15 17 23
Ortalama riizgar hizi
Class A pan evaporation (mm)
A smdf buharlagma kabbuh, 18 21 26 18 52 30 58 75 72 8 84 89 57 44 47
?/;Z;p“a“o”(mm) 02 08 314 414 44 187 307 46 48 02 - - 206 54 37
Sunshine duration () 99 84 68 64 93 73 94 103 114 97 109 113 108 98 81
Giineglenme siiresi
2011
Maximum temperature (*C) . 185 231 276 247 271 303 318 338 332 298 30. 205 30 239
En yiiksek sicaklik
Minimum temperature (°C) 73 71 107 121 115 133 148 176 168 177 16 15 129 12 104
En diisiik sicaklik
Average temperature (°C) 13 13 171 201 182 211 237 255 259 265 236 235 222 215 17.1
Ortalama sicaklik
Z;e;i‘ge (mb) 900 901 903 901 901 899 901 898 898 898 898 901 900 901 902
Relative humidity (%) 65 67 63 59 69 42 46 37 44 37 41 36 38 34 52
Bagil nem
Average wind speed (m/h) 26 19 19 17 17 25 17 22 21 19 21 2 16 15 17
Ortalama riizgar hizi
Class A pan evaporation (mm)
L somdf bharlasma ka buh, 22 2350 38 12 72 72 85 102 97 80 74 75 72 34
Precipitation (mm) 54 219 158 106 5.6 0 18 - - 06 - - - - 132
Yagis
Sunshine duration (h) 67 56 76 92 69 103 104 114 112 106 99 109 115 111 81

Giineslenme siiresi

*The 10-day cumulative total/ 10 giinliik periyot toplami

Table 2. Some physical properties of the soils in the experimental area
Tablo 2. Deneme alam topraklarvin bazi fiziksel ozellikleri

Layer Texture deBr:Jinl;y Field capacity Wilting point Avallab::zr\/)\;a::tﬁ;holdlng
Tabaka Tekstiir . Tarla kapasitesi Solma noktast o
(cm) HvaCIrTJ Kullamlabtlt_r su tutma
agirhg kapasitesi
(g/cm®) % mm % mm % mm
0-30 CL 1.30 26.39 102.79 15.76 61.39 10.63 41.40
30-60 CL 142 25.74 109.30 14.50 61.57 11.24 47.73
60-90 CL 1.33 27.09 108.35 16.65 66.61 10.43 41.74
90-120 CL 1.36 26.67 108.59 15.66 63.77 11.01 44.82
120-150 CL 1.33 27.30 108.93 12.80 51.07 14.50 57.86
Total/Toplam (0-120 cm) 429.03 253.35 175.68
Total/Toplam (0-150 cm) 537.96 304.42 233.54

*EC and pH were determined in 1:2,5 soil/water mixtures by means of glass electrode EC and pH meters.
*EC ve pH, 1:2,5 toprak karisiminda cam elektrotlu EC ve pH metrelerle belirlenmistir.

to determine the optimum
equation

evapotranspiration

damascena Mill. The

reference
Rosa
reference

for

evapotranspiration values calculated with
these methods were compared with the
evapotranspiration values measured. The
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climatic data about the evapotranspiration
measurement period were used to compute
the reference evapotranspiration values.

Four parameters were taken into
consideration to determine the optimum
evapotranspiration estimation equation for
the experimental conditions, namely; a) The
correlation coefficient (r) of the correlation
between the measured evapotranspiration
and the estimated reference
evapotranspiration values, b) The seasonal
ratio of the equation whereby the reference
evapotranspiration value computed with the
estimation methods was obtained to the
actual evapotranspiration value, c) Root
mean square error (RMSE). This value was
calculated with Equation 4 below.

rp21?
=

RMSE = [

(4)

Where; D? is the sum of squares of the

differences between the evapotranspiration
values measured and the reference
evapotranspiration estimated; and n is the
number of observations. d) The seasonal
average crop coefficient (Kc).
In evaluation, it was assumed that the
estimation method(s) with the minimum root
mean square error (RMSE), the highest
correlation coefficient (r), the seasonal ratio
of evapotranspiration closest to 100, and the
seasonal average crop coefficient closest to
1 yielded sounder results for the
experimental conditions.

Results and Discussion

The irrigation water amounts applied, the
evapotranspiration values measured in ten-
day periods and the reference or potential
evapotranspiration values calculated in the
same periods according to the estimation
methods in the experiment in 2010 and 2011
are presented in Table 3. The irrigation
water amounts applied in 2010 and 2011
were 307.3 mm and 359.6 mm, respectively.
It is supposed that the difference in the
irrigation water applied was due to the
variations in the climatic factors. The
evapotranspiration values were 88.9, 111.9,
146.5, 142.7, and 98.6 mm in May, June,
July, August, and September 2010,

respectively, while these values were 91.8,
111.9, 141.6, 141.4, and 90.1 mm in 2011,
respectively. The highest evapotranspiration
in both years was measured in July. The
evapotranspiration values measured on a
monthly basis resembled in both years. The
total evapotranspiration was measured as
588.6 mm in 2010 and as 576.8 mm in 2011.
The lowest reference evapotranspiration
/potential  evapotranspiration in  both
experimental years was recorded with the
Epan method (2010: 454.5 mm; 2011: 525.8
mm)  but the highest  reference
evapotranspiration / potential
evapotranspiration with the FAO-modified
Blaney-Criddle method in both experimental
years (2010: 1,002.7 mm; 2011: 1,002.6
mm). The crop coefficient (Kc) values are
provided in Table 4; and the values of the
parameters considered to determine the
optimum evapotranspiration method are
seen in Table 5. The crop coefficient (Kc)
values calculated regarding the methods of
estimating evapotranspiration ranged from
0.43 to 3.08 in 2010 but from 0.50 to 2.87 in
2011. Generally in all methods, the Kc
values were low at the beginning of the
growing season, high in the middle of the
vegetation period and again low at the end
of the vegetation period (Table 4). When the
equations considered were evaluated in
terms of the root mean square error, the
minimum root mean square error was
obtained with the PT (8.01) method,
followed by Epan (10.91) and SCSB (11.93)
methods. Given the cumulative
evapotranspiration  values, the closest
estimations were made with the PT, SCSB,
and Epan methods. Whilst PT and SCSB
methods estimated values were 15% and
28% higher than the actual
evapotranspiration value, respectively, the
Epan method estimated a value which was
16% lower than the actual
evapotranspiration ~ value.  The  most
important reason for the differences between
actual evapotranspiration and the estimated
water consumption values may be resulted
from climatic parameters. Any climatic
parameter used in calculation has a different
effect in each method. Therefore, different
results may be obtained in each method with
the same parameter (Tas and Kirnak, 2011)
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Table 3. The irrigation water amounts applied, the evapotranspiration measured and the reference evapotranspiration values calculated by means of
some estimation equations
Tablo 3. Uygulanan sulama suyu miktari, 6lgiilen bitki su tiiketimi ve bazi bitki su tiiketimi tahmin esitlikleri ile hesaplanan referans bitki su tiiketimi

degerleri
May/Mayzs TTO}al June/Haziran TTOF:U July/Temmuz TTOF:U August TTOFal September/Eyliil TTOItal Total
oplam oplam oplam oplam oplam ota
! 2 3 (I\/Fl)ay/ ! 2 3 (JSne/ ! 2 3 (JEIy/ ! 2 3 (Aupgust/ ! 2 3 (Sre)pt./ Toplam
Mayts) Haziran) 2010 Temmuz) Agustos) Eyliil)
ET 25.0 318 321 889 327 408 384 1119 455 50.7 50.3 1465 515 489 42.3 142.7 351 343 292 98.6 588.6
| 7.1 83 103 25.7 71 206 119 39.6 23.0 29.7 285 812 337 333 35.2 102.2 226 174 186 58.6 307.3
PM 475 48.9 416 1380 363 554 454 1371 444 515 59.1 1550 66.9 60.0 60.9 187.8 52.3 455 457 143.5 761.4
PEN 50.7 52.8 445 1480 39.2 58.0 483 1455 456 535 618 1609 67.7 64.1 63.5 195.3 548 47.0 455 147.3 797.0
FAOP 58.5 59.1 51.3 1689 453 66.7 56.1 168.1 54.1 61.3 71.8 1872 76.7 705 68.9 216.1 61.8 545 523 168.6 908.9
PT 447 410 421 1278 36.7 515 443 1325 38.1 417 50.1 1299 528 513 46.7 150.8 426 385 335 114.6 655.6
FAOR 61.6 56.5 48.8 1669 400 66.3 519 158.2 50.6 61.0 724 1840 761 77.2 77.0 230.3 67.7 522 524 172.3 911.7
FAOB 57.4 56.2 48.9 1625 413 698 533 1644  64.6 80.0 839 2285 878 865 83.9 258.2 70.1 613 57.7 189.1 1,002.7
SCSB 37.2 39.2 39.6 116.0 379 542 433 1354 59.2 63.3 62.6 185.1 70.2 68.8 59.6 198.6 477 43.0 40.2 130.9 766.0
HARG 50.1 46.2 494 1457 414 599 501 1514  60.7 61.8 60.9 1834 66.6 66.3 58.0 190.9 50.1 46.2 424 138.7 810.1
Epan 10.9 122 16.9 400 106 322 194 62.2 322 445 423 1190 486 48.1 49.0 145.7 327 270 279 87.6 4545
NETR 53.0 48.3  49.7 151.0 427 565 512 1504 404 435 527 136.6 54.1 523 48.9 155.3 46.8 431 377 127.6 720.9
2011

ET 27.1 30.0 347 918 378 330 411 1119 484 49.3 439 1416 525 457 43.2 141.4 356 305 240 90.1 576.8
| 8.7 9.1 198 376 15.0 48 285 483 285 33.7 404 1026 384 317 29.3 99.4 29.7 285 135 717 359.6
PM 34.1 38.0 411 1132 515 439 609 156.3 61.6 67.6 66.4 1956 64.1 57.9 58.4 180.4 52.1 482 384 138.7 784.2
PEN 38.1 418 443 1242 542 469 645 1656 65.0 70.5 68.2 203.7 672 610 61.1 189.3 55.1 514 40.0 146.5 829.3
EAOP 43.4 48.1 50.6 1421 639 543 725 190.7 734 794 778 2306 739 68.0 66.9 208.8 60.9 559 452 162 934.2
PT 34.1 389 413 1143 504 454 50.7 1465 54.3 55.9 55.9 166.1 51.6 46.7 44.4 142.7 420 375 303 109.8 679.4
FAOR 40.5 46.6 48.1 1352 621 510 739 1870 76.5 834 80.2 2401 785 699 73.4 221.8 70.0 66.0 481 184.1 968.2
EAOB 36.1 42.4 479 1264 634 528 75.0 1912 805 89.1 879 2575 86.0 741 77.6 237.7 712  69.1 495 189.8 1,002.6
SCSB 27.1 309 40.0 98.0 484 457 491 1432 59.2 63.1 655 187.8 64.1 545 52.6 171.2 46.0 453 3438 126.1 726.3
HARG 35.1 416 47.2 1239 575 522 546 1643 614 619 66.5 1898 616 52.8 52.1 166.5 50.0 49.1 365 135.6 780.1
Epan 14.1 16.4 315 620 223 115 405 743 426 48.3 58.4 1493 53.0 45.0 40.7 138.7 424 384 207 101.5 525.8
NETR 44.1 48.4  48.6 1411 56.7 518 56.8 165.3 58.4 58.8 58.3 1755 535 50.2 47.9 151.6 46.4 411 352 122.7 756.2

ET: Evapotranspiration measured/Olgiilen bitki su tiiketimi (mm); 1 Irrigation water amount/Sulama suyu miktar: (mm); PM: Penman-Monteith/Penman Monteith; PEN: Original Penman/Orjinal Penman; FAOP: FAO-modified
Penman/Modifiye FAO-Penman; PT: Priestly-Taylor/Priestly-Taylor; FAOR: FAO-modified Radiation/Modifiye FAO-Radyasyon; FAOB: FAO-modified Blaney-Criddle/Modifiye FAO-Blaney Criddle; SCSB: SCS Blaney-Criddle/ SCS
Blaney-Criddle; HARG: Hargreaves/Hargreaves; EPAN: FAO-modified Pan Evaporation method/Modifiye Pan Evaporasyon method; and NETR: Net Radiation/Net Radyasyon. 1: The 1st-10th days of the month/Ayin 1. ve 10. giinleri
arast; 2: The 11th-20th days of the month/Ayin 11. ve 20. giinleri arast; and 3: The 21st-30th/31st days of the month/Ayin 21. ile 30/31. giinleri arasi.

6
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Table 4. Kc values calculated for oil rose according to different methods
Tablo 4. Yag giilii i¢in farkl yontemlere gore hesaplanan Kc degerleri

Months  Period 2010
Aylar  Periyot PM PEN FAOP PT FAOR FAOB SCSB HARG Epan NETR
May 1 0.53 0.49 0.43 0.56 0.41 0.44 0.67 0.50 2.29 0.47
Mayus 2 0.65 0.60 0.54 0.78 0.56 0.57 0.81 0.69 2.61 0.66
3 0.77 0.72 0.63 0.76 0.66 0.66 0.81 0.65 1.90 0.65
June 1 0.90 0.83 0.72 0.89 0.82 0.79 0.86 0.79 3.08 0.77
Haziran 2 0.74 0.70 0.61 0.79 0.62 0.58 0.75 0.68 1.27 0.72
3 0.85 0.80 0.68 0.87 0.74 0.72 0.89 0.77 1.98 0.75
July 1 1.02 1.00 0.84 1.19 0.90 0.70 0.77 0.75 141 1.13
Temmuz 2 0.98 0.95 0.83 1.22 0.83 0.63 0.80 0.82 1.14 117
3 0.85 0.81 0.70 1.00 0.69 0.60 0.80 0.83 1.19 0.95
August 1 0.77 0.76 0.67 0.98 0.68 0.59 0.73 0.77 1.06 0.95
Agustos 2 0.82 0.76 0.69 0.95 0.63 0.57 0.71 0.74 1.02 0.93
3 0.69 0.67 0.61 0.91 0.55 0.50 0.71 0.73 0.86 0.87
September 1 0.67 0.64 0.57 0.82 0.52 0.50 0.74 0.70 1.07 0.75
Eyliil 2 0.75 0.73 0.63 0.89 0.66 0.56 0.80 0.74 1.27 0.80
3 0.64 0.64 0.56 0.87 0.56 0.51 0.73 0.69 1.05 0.77

2011

May 1 0.79 0.71 0.62 0.79 0.67 0.75 1.00 0.77 1.92 0.61
Mayrs 2 0.79 0.72 0.62 0.77 0.64 0.71 0.97 0.72 1.83 0.62
3 0.84 0.78 0.69 0.84 0.72 0.72 0.87 0.74 1.10 0.71
June 1 0.73 0.70 0.59 0.75 0.61 0.60 0.78 0.66 1.70 0.67
Haziran 2 0.75 0.70 0.61 0.73 0.65 0.63 0.72 0.63 2.87 0.64
3 0.67 0.64 0.57 0.81 0.56 0.55 0.84 0.75 1.01 0.72
July 1 0.79 0.74 0.66 0.89 0.63 0.60 0.82 0.79 1.14 0.83
Temmuz 2 0.73 0.70 0.62 0.88 0.59 0.55 0.78 0.80 1.02 0.84
3 0.66 0.64 0.56 0.79 0.55 0.50 0.67 0.66 0.75 0.75
August 1 0.82 0.78 0.71 1.02 0.67 0.61 0.82 0.85 0.99 0.98
Agustos 2 0.79 0.75 0.67 0.98 0.65 0.62 0.84 0.87 1.02 0.91
3 0.74 0.71 0.65 0.97 0.59 0.56 0.82 0.83 1.06 0.90
September 1 0.68 0.65 0.58 0.85 0.51 0.50 0.77 0.71 0.84 0.77
Eyliil 2 0.63 0.59 0.55 0.81 0.46 0.44 0.67 0.62 0.79 0.74
3 0.63 0.60 0.53 0.79 0.50 0.48 0.69 0.66 1.16 0.68

PM: Penman-Monteith/Penman Monteith; PEN: Original Penman/Orjinal Penman; FAOP: FAO-modified Penman/Modifiye
FAO-Penman; PT: Priestly-Taylor/Priestly-Taylor; FAOR: FAO-modified Radiation/Modifiye FAO-Radyasyon; FAOB: FAO-

modified Blaney-Criddle/Modifiye FAO-Blaney Criddle;

SCSB: SCS Blaney-Criddle/SCS Blaney-Criddle;

HARG:

Hargreaves/Hargreaves; EPAN: FAO-modified Pan Evaporation method/Modifiye Pan Evaporasyon method; and NETR: Net
Radiation/Net Radyasyon. 1: The 1st-10th days of the month/Aymn 1. ve 10. giinleri arasi; 2: The 11th-20th days of the
month/Aywn 11. ve 20. giinleri arast; and 3: The 21st-30th/31st days of the month/Ayin 21. ile 30/31. giinleri arast.

The highest correlation between
evapotranspiration and the reference or
potential evapotranspiration was obtained
with SCSB (r=0.94), HARG (r=0.88), and
FAOB (0.85) respectively (Table 5). In
examine the results in terms of seasonal Kc,
it was seen that the value closest to 1 was
detected with PT (Kc=0.87), followed by
SCSB (Kc=0.79) and NETR (Kc:0.79)
methods (Table 5).

When the parameters of root mean square
error, correlation coefficient, the ratio of
evapotranspiration and seasonal Kc
coefficient — used to determine the optimum
evapotranspiration estimation equation — are
evaluated collectively, it might be stated that
PT (Priestly-Taylor) is the optimum
evapotranspiration estimation equation for

Rosa damascena  Mill.  under the
experimental conditions. Kirnak and Tag
(2011) reported that crop coefficients reflect
the physiology of a plant, its cover ratio, the
locality where the data are compiled, and the
method  with  which the potential
evapotranspiration value is calculated. Many
curves or tables showing the crop
coefficients give the values of fully irrigated
plants (USDA-SCS, 1967, Burman and
Pochop, 1994). The crop coefficient
calculated according to the PT method first
increased and then decreased depending on
the growing stages of the plant. The crop
coefficient ranged from 0.56 to 1.22 in 2010
but from 0.72 to 1.02 in 2011. It is thought
that this difference between the years might
have been resulted from difference in the



Y. UCAR, S. KAZAZ, F. ERASLAN, H. BAYDAR

climates between both years. Considering July but began to fall towards the end of the
the average kc values, the kc value was 0.75  vegetation period and decreased to 0.84
at the beginning of the vegetation period, (Figure 1).

while it reached its highest value (1.00) in

Table 5. The criteria considered for determination optimum evapotranspiration equation
Tablo 5. Optimum bitki su tiiketimi esitliginin belirlenmesinde g6z dniine alinan kriterler

ET Root mean  Regression equation and correlation a?/g?zog?(lc Seasonal ratio
estimation square error coefficient between ET and ETg g€ of ET
: coefficient T .
method  Hata kareler ET ile ETo arasinda regresyon Mevsimlik Olgiilen ET’yi
ET tahmin  ortalamas: esitligi ve korelasyon katsayisi karsilama oram
. . ortalama Kc
yontemi (RMSE) (ET %)
katsayisi
ET=0.0003ETo*-0.0414ET¢%+2.4868
PM 13.93 ET0?-63.669ET0+627.11 0.76 133
r=0.82
ET= 0.000ETo* - 0.036ETo® + 2.175
PEN 16.44 ETo? - 55.887ETo + 558.33 0.72 140
r=0.81
ET=0.0002ET¢*-0.0397ET03+2.4013
FAOP 23.37 ETo? - 61.664ETo + 617.31 0.63 158
r=0.83
ET=0.0002ET04-0.0309E T3+
PT 8.01 1.7935ET?-44.154ETo+425.9 0.87 115
r=0.76
ET=0.0003ET¢*  -0.0501ET03+3.0933
FAOR 25.40 ETo? - 81.295ETo + 818.1 0.63 161
r=0.75
ET=0.0002ET¢*-0.0398ET0*+2.5136
FAOB 29.62 ETo? - 66.93ETo + 684.83 0.59 172
r=0.85
ET=6E-05ET*-0.0121ET0%+0.8098
SCSB 11.93 ETo? - 21.943ETo + 239.97 0.79 128
r=0.94
ET=9E-05ET¢*-0.015ET¢%+0.929 ETo?-
HARG 14.78 23.67ETo + 252.6 0.73 136
r=0.88
ET=0.0001ETq*-0.0222ETo*+1.4652
Epan 10.91 ETo? - 39.891ETo + 397.94 1.41 84
r=0.81
ET=0.0002ET¢*-0.0268ETo*+1.5308
NETR 12.76 ETo? - 37.101ETo + 365.42 0.79 127
r=0.56

PM: Penman-Monteith/Penman Monteith; PEN: Original Penman/Orjinal Penman; FAOP: FAO-modified Penman/Modifiye
FAO-Penman; PT: Priestly-Taylor/Priestly-Taylor; FAOR: FAO-modified Radiation/Modifiye FAO-Radyasyon; FAOB: FAO-
modified Blaney-Criddle/Modifiye FAO-Blaney Criddle; SCSB: SCS Blaney-Criddle/SCS Blaney-Criddle; HARG:
Hargreaves/Hargreaves; EPAN: FAO-modified Pan Evaporation method/Modifiye Pan Evaporasyon method; and NETR: Net
Radiation/Net Radyasyon. 1: The 1st-10th days of the month/dymn 1. ve 10. giinleri arasi; 2: The 11th-20th days of the
month/Ayn 11. ve 20. giinleri arast; and 3: The 21st-30th/31st days of the month/Aywn 21. ile 30/31. giinleri aras.
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Figure 1. Crop coefficient curves for the evapotranspiration estimation method proposed for

the experimental conditions

Sekil 1. Deneme kosullart i¢in onerilen evapotranspirasyon tahmin esitligi i¢in bitki katsayist

egrisi
Conclusion

In this study, it was aimed to determine
the optimum estimation method likely to be
used in the estimation of the
evapotranspiration of Rosa damascena Mill.
According to the results for the two years,
the evapotranspiration of Rosa damascena
Mill. was measured as 588.6-576.8 mm.
When all evaluation criteria are considered,
it may be proposed to use the Priestly-
Taylor method to  estimate the
evapotranspiration of Rosa damascena Mill.
under the experimental conditions or in the
places which climatically resemble the
experimental conditions. The Kc values
obtained with the Priestly-Taylor method
can be used reliably to compute
evapotranspiration in the places which
resemble the experimental conditions where
no actual evapotranspiration data are
available.
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